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PREFACE 



The telegraphic exchange of astronomical information has 
become a recognized feature of organized astronomical inves- 
tigation. Since 1883, this Observatory has been the official 
centre for the distribution of such information in the United 
States. The experience gained during this period has led to 
the introduction of the system herein described as presenting 
material advantages over codes heretofore used for the purpose. 
The system and code were devised by Mr. Willard P. Gerrish, 
of this Observatory, who has prepared the following descrip- 
tion and instructions. A practical test of the system conducted 
between Cambridge, Mass., and Mt. Hamilton, California, 
through the courtesy of Dr. W. W. Campbell, Director of 
the Lick Observatory, developed no errors except such as 
were readily corrected by inspection. 



EDWARD C. PICKERING, 

Director. 



Harvard College Observatory, 
Cambridge, Mass., Jan. 15, 1900. 
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The object of the system herein described is to provide means 
for the ready, accurate, and economical transmission of numerical 
data by telegraph. While originally devised for the exchange of 
astronomical information, it lends itself with equal facility to the 
transmission of any kind of numerical data capable of arrangement 
according to a preconcerted plan. It has for its fundamental prin- 
ciples the division of a single succession of figures into two inde- 
pendent series of groups, and the use of a syllabic code, or language, 
by which numbers may be accurately transmitted by telegraph. 

The advantages of the system are : — 

(a) The avoidance of reductions. 

(b) The preservation of the natural order of the quantities trans- 
mitted. 

(c) Simplicity of plan, avoiding complicated rules which are not 
easily understood or remembered. 

(d) The use of printed forms by which the division of numbers 
and assignment of proper denominations are effected graphically. 

(e) The translation of numbers to and from code without the use 
of a code book. 

(/) Rapidity of translation. 

(g) The possibility of detecting and rectifying errors by inspec- 
tion. 

Explanation and Instructions. 

Correspondents are provided with printed forms, or their equiva- 
lent, on which are arranged the regular types of message in common 
use. Form A, a copy of which is appended to these instructions, is 
here used as an example for the purpose of illustration. 



The form contains a horizontal row of thirty small spaces, each 
of which is to contain one figure. By referring the figures to the 
divisions indicated at the top of tbe form, they are made to represent 
astronomical quantities in their customary denominations. By re- 
ferring them to the divisions indicated at the bottom of the form, 
they become simply six numbers of five figures each, which may be 
telegraphed by the use of a suitable code. 

To prepare a message for transmission, write in the proper spaces 
the figures expressing the desired astronomical quantities as indi- 
cated by the upper divisions, . using ciphers wherever significant 
figures are not required. Be sure that each space contains one 
figure, with the exception of the last five, which are reserved for 
the ^^ check." Use the figure 2 for a plus sign, and the figure 1 
for a minus sign. Referring the figures so written to the lower 
divisions, they will be found to consist of five numbers of five figures 
each. The sixth, or "check number," is found by adding these 
five numbers together, discarding the left hand figure if the sum is a 
number of six figures. Find the syllabic code words representing 
the six numbers (see "Syllabic Code"). These may conveniently 
be written in the corresponding spaces numbered from 1 to 6. 
Copy the words on the usual telegraph blank, adding such explan- 
atory words in plain language as may be needed (see "Arrange- 
ment of Message ") . 

To translate a message received in code, proceed in the reverse 
order. 

In the preparation of code messages for telegraphing, unusual care 
should be taken to write clearly and legibly. The accuracy of trans- 
mission depends in a large degree on the clearness of the original 
copy. It is suggested that the message be type-written when 
practicable. 

Details of Form A. PosmoN. 

The time of observation is given in Greenwich Mean Time, the 
day beginning at Greenwich Mean Noon. The last two figures of 
the year and the number of the month are followed by the day of the 
month on which the observation was made, and the elapsed time 
since Greenwich Mean Noon expressed as a decimal of four places. 
For example, Greenwich Mean Midnight, July 24, 1904, would be 
expressed: Year, 04; Month, 07; Day, 24.5000. 



c Right Ascension (R.A.) is expressed in hours, minutes, seconds, 
and tenths of a second of time. 

Declination (Dec.) is given in degrees, minutes, and seconds of 
arc, preceded by the proper sign. 

Brightness is given on a scale of five, to convey a general idea of 
the magnitude of the object, as follows : — 

1. Objects which are conspicuous. 2. Those visible to the unaided 
eye, though not particularly conspicuous. 3. Those which can be 
seen with the aid of an opera-glass or field-glass. 4. Those for which 
a small telescope is required. 5. Those which can be seen only with 
the aid of a large telescope. 

The "check" number is the arithmetical sum of the first five 
numbers. If this sum is a number of six figures, the left hand 
figure is discarded. 

The positions of all objects in the solar system are understood to 
refer to apparent place. Those of stars are understood to refer to 
the epoch 1900 unless otherwise specified. 

Details of Form B. Osbit and Ephemeris. 

Time of perihelion passage (T) is given in Greenwich Mean Time, 
the day beginning at Greenwich Mean Noon. The number of the 
month is followed by the day of the month and the elapsed time 
since Greenwich Mean Noon expressed as .a decimal of two places. 
For example, Greenwich Mean Midnight, July 24, would be ex- 
pressed : Month, 07 ; Day, 24.50. 

Distance of perihelion from node («=:«■ — Q) is given in degrees 
and minutes of arc. 

Longitude of node ( $2 ) i^ given in degrees and minutes of arc. 

Inclination (i) is given in degrees and minutes of arc, from 0® 
to 180°. Angles greater than 90*^ therefore indicate retrograde 
motion. 

Perihelion distance (q) is given as a unit and decimal of three 
places. The quantity itself is used, not its logarithm. 

The '' check" is obtained as in Form A. 

All angles given in these elements are referred to the Mean 
Equinox of the beginning of the year in which the last observation 
was made. 

Ephemerides are given for Greenwich Mean Midnight, in intervals 
of four days. 
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The first date of. the ephemeri&r is expressed by the number of the 
month and the day of the month, and corresponds to the first position 
given in the ephemeris. The light on the first date is expressed by 
a imit and decimal of two places, the light at the time of disoovery 
being taken as unity. 

First Right Ascension (IstR. A.) is in hours, minutes, and seo- 
onds of time. 

First Declination (1st Dec.) is in degrees and minutes of arc, 
preceded by the proper sign. 

The second, third, and fourth Right Ascensions and Declinations 
are expressed like the first. The light corresponding to the last 
date is given in the same manner as that corresponding to the first 
date. 

The dates of the observations on which the elements are based 
are each expressed by the day of the month. The des^nation^ of 
Ihe month is not necessary. 

Details of Foem C. Miscellaneous. 

The short, detached messages indicated in this form are intended 
to cover the majority of cases which experience has shown to be 
likely to arise. Each is associated with a key-word from which it 
is inseparable, and by which it must always be preceded. These 
may be used in connection with the usual types of message shown 
on Forms A and B, or may be used independently, as desired, the 
key- words serving in all cases to prevent confusion. 

As this form sufficiently suggests its proper use to one who has 
read the descriptions of Forms A and B, no further explanation is 
deemed necessary. The abbreviation Dec. or D., except where 
used for "Declination," is intended to indicate a decimal. The 
space marked " Y " is to contain the right hand or unit figure of 
the year. (See " Examples.") 

Syllabic Code. 

The Syllabic Code is in reality a language of eleven words, each 
of which is a monosyllable of two letters, the series representing the 
ten digits with an eleventh character, as follows : — 

12 3 4 6 6 7 8 9 not utilised, 

ba de fi go ku am en ip ot nx vy 
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Mjemoxizing the words Mbadefigoku, amenipotax, yj" will give 
eoBunand of the code at all times. 

The syllables representing figui*es from 1 to 5 are formed by the 
five vowels in order, each preceded by a distinctive consonant, while 
those representing figures from 6 to are formed by the same five 
vowels, each followed by a distinctive consonant. Any given con- 
sonant is invariably associated with the same vowel, and is never 
used in any other connection. The two letters thus form a combi- 
nation which affords means of locating and correcting telegraphic 
errors. By combining the syllables, words are formed which can be 
readily transmitted by telegraph. 

The eleventh syllable, " vy," has numerically the same value as 
the cipher, and is treated exactly like the syllable ^' ux" in finding 
or using the check number. It has a slightly different meaning, 
however, in that it serves to fill unused spaces when for any reason 
it is desired to express a quantity with less accuracy than is provided 
for by the form. For example, suppose that the angle 7® 24' 00" 
were to be represented by the number 72400. The code word 
would be " endegouxux." Suppose instead that it were desired 
to give the angle to the nearest minute only, the seconds not being 
known. The woixl would then be " endegovyvy," though the 
number when dissociated from the denominations would still be 
72400, and as such would fiU the allotted number of spaces. 

Correction of Errors. 

To illustrate the various forms of error to which the Syllabic Code 
is subject and the methods of correcting them, let the number 
17465, represented by the word " baengoamku,*' be assumed to be 
incorrectly transmitted, the second syllable to be taken as the 
illustration. 

Case 1 . — One letter wrong, introducing a letter not in the code, 
as " baergoamku," in which "r" is introduced. The vowel "e" 
shows at once what the syllable should have been, as it can be 
followed only by " n " in any given syllable. 

Case 2 . — One letter wrong, introducing a letter belonging to the 
code, but in wrong succession, as *' baedgoamku." Since '' d " can 
occur only as the first letter of a syllable, the error is apparent, 
and is corrected as in Caae 1 . 
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Case 8. — One letter wrong, introducing a letter belonging to the 
code and in a permissible relative position, as '^ baemgoamka.'' 
Two solutions are possible, " en," or '* am." A trial of each with 
the check number reveals the correct one. 

Case 4. — Both letters wrong, one or both of which are not in 
the code, or are used in an order not in conformity with the code, 
as '* bawmgoamku," " bawzgoamku," or '* banbgoamku." The 
error can be located by inspection, but must be corrected by the 
use of the check number. 

Case 5. — Both letters wrong, substituting a syllable permissible 
by the code, as " baipgoamku." The possibility of this form of 
error would clearly be remote. The error must be located by an 
examination of the quantities expressed. An impossible or unrea- 
sonable expression will usually result in such a case. The check 
number must be relied upon for correction. 

Case 6. — The addition or omission of a letter, as " baegoamku," 
or ** baenigoamku." The error is located by dividii^ the word into 
its component syllables, and is corrected by the principles described , 
in the forgoing cases. 

Arrangement of Message. 

Experience with phrase codes for telegraphing astronomical an- 
nouncements during the last twenty years has shown that a great 
majority of cases can be met by a single word in plain language. 
Of the few which cannot be so met, a majority cannot be covered by 
any phrase code of reasonable length, so difficult is it to anticipate 
unusual cases. It has therefore been decided in the present system 
to depend entirely on plain language for the brief explanations with 
which it is necessary to supplement the numerical portion of the 
message. As a precaution against confusion and ambiguity, definite 
forms are prescribed for the most common types of message. 

Each code message must be preceded by at least one word in 
plain language, as ^^ comet," to make it intelligible. If a person 
announces his own discovery in a message signed by himself, a 
single word preceding the position message will usually be sufficient. 
Such a message will be understood to mean that the signature is 
that of the discoverer. 

In all other cases the word "comet" (or other suitable word) 
should be preceded by the name of the discoverer, or place of dis- 
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covery, or both, as '^Giacobini comet," or ** Nice comet," or 
" Griacobini Nice comet," the latter form being more especially 
appropriate for a discovery message sent oat by a central distributing 
station. 

If the message announces the observation or elements of a known 
object, the principal word, as "comet," should be followed by the 
name of the observer or computer, and, if desired, his place of 
residence, as " Giacobini comet Smith," or " Giacobini comet Smith, 
London." No distinction need be made between an observation mes- 
sage, and elements and ephemeris, since the two forms of message 
cannot be confounded, because of their relative lengths. 

The general rule of placing names of discoverers before^ and those 
of observers and computers a/ler^ the word or words describing the 
object should be strictly observed. 

No check is provided for the last portion of the message giving an 
ephemeris, nor for the short messages on Form C. These, or any 
other numerical messages, may, if desired, be checked in the usual 
manner, the sum to be expressed to five places, and the correspond- 
ing word, preceded by the word ''check," added to the message. 
In all such cases the check will be understood to include all numbers 
not check numbers and not previously checked. 

The use of the Syllabic Code is by no means intended to be con- 
fined to the prescribed types of messi^e shown in the appended 
forms. It may be used as a general number code for the trans- 
mission of any numerals. 

Examples. 

William F. Anderson announces that a comet, visible to the naked 
eye, was discovered by him, Jan. 15.1432, 1906, Greenwich Mean 
Time, in Right Ascension 20* 37* 14'.2 and Declination + 7** 12' 48". 

Numbers (Form A) : 06011, 51432, 20371, 42207, 12482, 32503. 

Message : — 

Comet uxamuxbaba kubagofide deuxfienba godedeuxen bad^oipde 
fidekuuxfi. 

William F. Andersoji. 

John Smith announces that a faint telescopic comet was discovered 
by Peters, of London, July 8.1662, 1905, Greenwich Mean Time, in 
approximate Right Ascension 18* 24*" and Declination — 10° 10'. 

Numbers (Form A) : 05070, 81662, 1824o, oollO, 10oo5, 15087. 



12 



. Peters London comet uxkuuxenox ipbaamamde baipdegovy yyvy- 
babanx bauxvyvyku bakuuxipen. 

John Smith. 

George J. Dexter announces that Kahn's comet was observed by 
him, Sept. 19.4371, 1894, G. M. T., in Right Ascension 14* 16*" 02'.3 
and Dec. +22° 18' 35", and that it is moving about 7*" West and 
10' North, daily. 

Numbers (Forms A and C) : 94091, 94371, 14160, 23222, 1835o, 
44194, and 107oo, 210oo. 

Message : — 

Kahn comet Dexter otgouxotba otgofienba bagobaamux defide- 
dede baipfikuvy gogobaotgo motion bauxenvyvy debauxvyvy. 

George J. Dexter. 

Joseph Delano announces that a faint nova was discovered by 
Armstrong, following B.D. + 20° 2437, 2" 32'.7, North T 27". 
Numbers (Form C) : 22327, 20727, and 220, 02437. 
Message : — 

Armstrong faint nova relative dedefideen deuxendeen Bonn 
dedeux uxdegofien. 

Joseph Delano. 

Emil Schmidt announces that the following elements and ephem- 
eris of Brown's comet were computed by Weisbach of Berlin from 
observations on Sept. 11, 12, and 13. 

Time of perihelion passage, (T) Oct. 2.12, G.M.T. 

Perihelion minus node, («) 228° 23' 

Longitude of node, ( Q ) 52° 15' 

Inclination, (i) 66° 30' 

Perihelion distance, (q) 0.451 

Sept. 22. R. A. 1* 22'» 20* Dec. + 1° 30' Light 1.41 

" 26. " 1 57 24 '' — 4 36 

" 30. '' 2 25 8 '^ —7 58 

Oct. 4. '' 2 46 36 '' —9 12 Light 0.71 

Numbers (Form B) : 10021, 22282, 30521, 50663, 00451, 13938, 
09221, 41012, 22020, 13001, 57241, 04360, 22508, 10758, 02463, 
61091, 20711, 11213, and check, 75599. 
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Brown comet Weisbach Berlin bauxuxdeba dededeipde fiuxkudeba 
kuuxamamfi uxuxgokuba bafiotfiip uxotdedeba gobauxbade dedeux- 
deux bafiuxuxba kuendegoba uxgofiamux dedekuuxip bauxenkulp 
uxdegoamfi ambauxotba deuxenbaba babadebafi check enkukuotot. 

Emil Schmidt. 

The last example illustrates the use of the check number to secure 
material for which no check is regularly provided. The use of the 
check in this manner is left to the discretion of the correspondent. 



Forms. 

The following reproductions are half the size of the originals. 
The figures and code words of the first example (p. 11) are inserted 
in Form A to illustrate its use. 
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